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,Q WKLV DUWLFOH ZH GHVFULEHG WKH DSSURDFK WR DFKLHYLQJ 7HODPD DQDO\]HU 7RZDUGV (QYLURQPHQWDO/HDUQLQJ $UDELF
0RUSKRORJLFDO $QDO\]HU VWDWLVWLFDO DSSURDFK EDVHG RQ WKH +LGGHQ 0DUNRY0RGHO 00& RI 'HJUHH  DQG 7ULJUDPV :H
GHVFULEHWKHJHQHUDODOJRULWKPDQGUHVRXUFHVSHUIRUPHGWRDFFRPSOLVKWKHWDVNRIDFKLHYLQJWKHDQDO\]HU7KLVZRUNDOVRGHWDLOV
WKHGLIIHUHQWH[SHULPHQWVWKHSUREOHPRIDQDO\]LQJWKHWUDLQLQJFRUSXVDQGVHOHFWLRQRIWKHVHWRIODEHOV)LQDOO\DQHYDOXDWLRQRI








7KH QHHG IRU $XWRPDWLF 1DWXUDO /DQJXDJH 3URFHVVLQJ 1/3 LQ ODUJH OH[LFDO UHVRXUFHV FRQWLQXHV WR JURZ
0DQDJHPHQWRIVXFKNQRZOHGJHPXVWEHFRQVLGHUHGDSULRULW\VLQFHLWLVDNH\HOHPHQWLQWKHVXFFHVVLQWKHVHQVH




GHDO UREXVWO\ DOO LWV PRUSKRV\QWDFWLF SKHQRPHQD DQG ZLWK UHIHUHQFH WR WUDLQLQJ DW WKH VXPPHU LQ OLQJXLVWLFV
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FRUURERUDWHGE\WKHILQGLQJVWKDWFRQWDLQVWKHHQF\FORSHGLD(QFDUWDRQOLQHVFKRRO)XUWKHUPRUHZHDUHZLWQHVVLQJ
DQ LQFUHDVH WH[WXDO FRQWHQW LQ $UDELF HVSHFLDOO\ RQOLQH 7R GDWH WUHDWPHQW DQG RSHUDWLRQ RI WKHVH LQIRUPDWLRQ
UHVRXUFHVDUHVWLOODFKDOOHQJHIRUUHVHDUFKHUVLQWKHILHOGRIDXWRPDWLFSURFHVVLQJRIQDWXUDOODQJXDJHV,WLVLQWKLV
FRQWH[W WKDW WKH SUREOHP RI UREXVW DXWRPDWLFPRUSKRV\QWDFWLF DQDO\VLV RI $UDELF ZDV GLVFXVVHG$OVR ZH KDYH
EHJXQ FRQVWUXFWLRQRI D VHW RI ODQJXDJH UHVRXUFHV IRU$UDELF LQRUGHU WR EXLOG DQ DXWRPDWLF FRPSRQHQW DQG LSVR
IDFWRUHFRJQL]HQDPHGHQWLWLHVLQWH[WVZULWWHQLQVWDQGDUG$UDELFPRUSKRV\QWDFWLFDQDO\VLV
,OOXVWUDWLRQV2YHUYLHZRIH[LVWLQJZRUNRIGLIIHUHQWODEHOHUV
7KHPRUSKRORJLFDO OHYHO LV D YHU\ QHFHVVDU\ VWDJH IRU WKH WUHDWPHQW RI QDWXUDO ODQJXDJH WR WKH NQRZOHGJH






7KLV LV DQDQDO\]HU IRU WKHDXWRPDWLFSURFHVVLQJRI$UDELF WH[WVZKLFK LVGLVWULEXWHGE\ WKH OLQJXLVWLFGDWD
FRQVRUWLXPDZRUGFDQEHVHJPHQWHGLQWRWKUHHVHTXHQFHVSRVWIL[HGURRWSUHIL[$VIRUWKHOHQJWKSUHIL[ZDV
EHWZHHQ  DQG  FKDUDFWHUV SRVW IL[HG IRU EHWZHHQ  DQG  DQG IRU WKH URRW FKDUDFWHUV EHWZHHQ  DQG VHYHUDO
FKDUDFWHUV 7KLV WDJJHU XVHV WKUHH W\SHV RI ILOHV 3UHIL[  HQWULHV SRVW IL[HG  HQWULHV DQG URRWV 
HQWULHVFLWHGE\0RKDPPHG




























7KLV LQFOXGHV ODEHOHU  URRWV DQG  PRGHOV WR SURGXFH  WRNHQV 7KLV DQDO\]HU XVHV UXOHV WR ZLGH
FRYHUDJHE\DJDLQVWLWJHQHUDWHVDIDLUO\KLJKUDWHRIOH[LFDODPELJXLWLHV,WGRHVQRWGHDOZHOOGLVDPELJXDWLRQSKDVH
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/RFDWLRQPRUSKRORJLHVDQDO\]HULQWKHSURMHFW³7(/$´
,Q RUGHU WR DFKLHYH DPRUSKRORJLFDO DQDO\]HU FDOOHG7(/$0$ (QYLURQPHQWDO7RZDUGV /HDUQLQJ $UDELF 
0RUSKRORJLFDO$QDO\]HU ZHPHQWLRQHG HDUOLHU VRPHROG VWHPPHUV VKRZLQJ WKHLU RSHUDWLQJSULQFLSOHV XVHG DQG
WKHLUIODZVDQGZHDNSRLQWVWU\LQJWRRYHUWDNHDQGREWDLQLPSURYHGZLWKDQDFFXUDF\DFFHSWDEOHUHVXOWVDLPHGDW
WKH WUHDWPHQW RI WKH $UDELF ODQJXDJH DSSOLFDWLRQ 7KLV XVLQJPRUSKRORJLFDO UXOHV WR KHOS WUHDW DQG DQDO\]HG WKH
$UDE/HDJXHPDNHVLWHDVLHUIRUOHDUQHUV




0RGHORI'HJUHHDQG1JUDPV ,QRUGHU WRDFKLHYHDPRUSKRORJLFDO DQDO\]HUZHPHQWLRQHGHDUOLHU VRPHROG
VWHPPHUV VKRZLQJ WKHLU IDXOWV DQG RSHUDWLQJ SULQFLSOHV XVHG WR WU\ WR RYHUFRPH WKHP DQG REWDLQ DQ DSSOLFDWLRQ












DOVR WRZRUG VHJPHQWDWLRQZKLFK LV DQHVVHQWLDO WUHDWPHQWDSSOLHGRQ WKH WH[W WRSUHSDUH WKHHQYLURQPHQW IRU WKH
PRUSKRORJLFDO DQDO\]HU WKHQ WKH UHVXOW REWDLQHG ZLOO EH XVHG LQ WKH ILQDO VWDJH RI UHVHDUFK WR GHWHUPLQH DOO
GHULYDWLYH IRUPV WKDW KDYH WKH VDPH URRW IRXQG GXULQJ WKH VHJPHQWDWLRQ PRUSKRORJLFDO ZKLFK LV LQ WKH WH[W
%DFKD:KROHVWKLVLVH[SODLQHGLQWKHIROORZLQJILJXUH
7KH ILJXUH VKRZV WKH RYHUDOO DUFKLWHFWXUH RI WKH SURSRVHG V\VWHP 7HODPD 7KLV V\VWHP ZRUNV E\ ZHOOGHILQHG
EHWZHHQWKHSDUWLHVWKDWFRPSRVHUHODWLRQVVHJPHQWDWLRQPRUSKRORJLFDODQDO\VLVDQGODEHOOLQJ7KHVHUHODWLRQVKLSV
DUH FUHDWHG LQ RUGHU WR KHOS WKH V\VWHP XVLQJ WKH WUDLQLQJ FRUSXV DQG WKH GLFWLRQDU\ SURYLGHG DV UHVRXUFHV DQG




VHHV WKDW WKH UHVXOW GLVSOD\HG DW WKH HQG RI H[HFXWLRQ ZKLFK VXPPDUL]HV WKH VXEVHTXHQW ZRUN SHUIRUPHG E\ WKH
V\VWHPRQWKHWH[WDQGJUDSKLFVSUHFLVHO\RQZRUGVWKDWIRUP





7KH ODQJXDJHPRGHO  WKDW LV WR VD\ WKH FRPSRQHQWRI WKH UHFRJQLWLRQ V\VWHP LV LQ FKDUJHRI LQWURGXFLQJ WKH
FRQVWUDLQWV LPSRVHG E\ WKH V\QWD[ RI WKH ODQJXDJH UHSUHVHQWHG LQ WKH WUDLQLQJ FRUSXV  LV FXUUHQWO\ EDVHG LQ WKH
UHFRJQLWLRQV\VWHPVODUJHWKHPRVWHIILFLHQWYRFDEXODU\RQDSUREDELOLVWLFFRPSDWLEOHZLWKWKHRWKHUFRPSRQHQWVWKDW
WKHV\VWHPRIUHFRJQLWLRQDSSURDFK



















/DEHO 'HVFULSWLRQ /DEHO 'HVFULSWLRQ
&& &RRUGLQDWLQJFRQMXQFWLRQ &' &DUGLQDOQXPEHU
'7 'HWHUPLQDQW ,1 &RQMXQFWLRQVXERUGLQDWLRQ
-- $GMHFWLYH 11 &RPPRQQDPHLQVLQJXODU
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35(3 3UHSRVLWLRQ 353 3HUVRQDOSURQRXQ
353 3RVVHVVLYHSURQRXQVWDII 5% $GYHUE
53 3DUWLFOH 381& 3XQFWXDWLRQ
8+ ,QWHUMHFWLRQ 9%' 3HUIHFWZRUG
9%1 3DVVLYHYHUE 9%3 9HUELQWKHLPSHUIHFW
:3 5HODWLYHSURQRXQ :53 :KSURQRXQ
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    
11      
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[SHULHQFHZLWKDVHWRIODEHOV
)RU HDFK VHQWHQFH RI WKH WH[W WR EH DQDO\]HG ZH ZLOO SRLQW WR WKH ZRUG WKDW LV PDGH E\ D VLQJOH ODEHO QRW
DPELJXRXVZRUG  DQG JHW LW DV D VWDUWLQJ SRLQW IRU ODEHOLQJ XVLQJ ERWK1JUDPPHWKRGZLWK1   DQG+LGGHQ









WKH RWKHU LV FDUULHG RXW WKH VDPH WDVN RI PDQXDOO\ %\ WDNLQJ WKH LQSXW RI WKH WHVW FRUSXV DQDO\]HG E\ DQRWKHU
DQDO\]HUDQGRXUPDQXDOO\DQDO\]HGIRUWKHFDOFXODWLRQHUURURQWKLVWHVWFRUSXV7KHODEHOIRUHDFKZRUGREWDLQHGLQ





















VDWLVIDFWRU\ /DEHOV ZKRVH DFFXUDF\ YDULHV IURP  WR  FDQ EH FRQVLGHUHG DV VHFRQGJURXS ODEHOV ,W LV
LQWHUHVWLQJ WR FRQVLGHU WKH VSHFLILFV DQG WU\ WR ILQG D SRVVLEOH LPSURYHPHQW RI WKH VHW RI ODEHOV WKDW FDQ OHDG WR
LPSURYHGSHUIRUPDQFH
7(/$0$96$690
,Q RUGHU WR EHWWHU VLWXDWH RXU 7(/$0$ V\VWHP FRPSDUHG WR WKH VWDWH RI WKH DUW LQ FRPSDULVRQ ZLWK RWKHU




,QRXUFDVHZHFKRVH WRFRPSDUHZLWK WKHDQDO\]HU7(/$0$$690ZKLFK LVDPRQJ WKHVWURQJHVWDQG
PRVW DQDO\]HUV NQRZQ ,Q WKLV SHUVSHFWLYH ZH UHDOL]HG WKH DXWRPDWLF H[HFXWLRQRI7(/$0$$690DQG LQ WKH





































ƵůƚƵƌĞ WŽůŝƚŝƋƵĞ ^ƉŽƌƚ ,ŝƐƚŽŝƌĞ ƌƚ
d>D ϴϴ͘ϰϴ ϵϬ͘ϳϱ ϵϳ͘ϭϰ ϴϳ͘Ϯϳ ϵϭ͘ϲϰ
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5HIHUHQFHV
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